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Cervical Specimens Collected in Liquid Buffer Are
Suitable for Both Cytologic Screening and Ancillary
Human Papillomavirus Testing
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were compared with the final diagnoses, with an emphasis on the detection of

carcinoma and high grade SIL.

RESULTS. The 200 subjects studied included 7 women with a final diagnosis of

carcinoma, 44 with high grade SIL, 34 with low grade SIL, 51 with a variety of

equivocal diagnoses, and 64 with normal diagnoses. A ThinPrep cytologic diagnosis

of SIL or carcinoma was made in 39 (76%) of the 51 women with final diagnoses

of high grade SIL or carcinoma. Hybrid Capture testing detected carcinoma-associ-

ated types of HPV DNA in 100% of women with carcinoma, 75% with high grade

SIL, 62% with low grade SIL, 20% with equivocal final diagnoses, and 12% of

normal women. If colposcopy referral had been limited to women with a ThinPrep

diagnosis of SIL or a diagnosis of ASCUS associated with the detection of carci-

noma-associated HPV DNA from the same vial, 100% of women with carcinoma

and 80% with high grade SIL would have been examined. To achieve this high

sensitivity in the entire population of 9174 women would have required the referral

of about 7% of the population. The combined screening strategy would have per-

formed marginally better than optimized conventional screening with referral of

any abnormal cytology (ASCUS and above).

CONCLUSIONS. A cervical carcinoma screening technique which uses a single sam-

ple for cytopathology and HPV testing to triage equivocal diagnoses may be promis-

ing if it proves to be cost-effective. Cancer (Cancer Cytopathol) 1997;81:89–97.

q 1997 American Cancer Society.
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T ASCUS who harbored an underlying SIL. In particular,
HPV testing permitted the sensitive identification of

he use of Papanicolaou smears to screen for cer-
vical carcinoma is widely recognized as an effec-

tive public health measure. Nonetheless, erroneous women with high grade SIL, the immediate precursor
of carcinoma. Recognition that the vast majority ofand equivocal diagnoses pose important clinical

problems.1 – 3 The most common problem relates to low grade SILs spontaneously regress has focused
screening efforts on the identification and treatmentthe equivocal cytologic diagnoses, referred to as

atypical squamous cells of undetermined signifi- of women with high grade SIL.15

To date, HPV testing using Hybrid Capture hascance (ASCUS). Because ASCUS diagnoses comprise
5 – 10% of smears in many laboratories, routine refer- required that women diagnosed with ASCUS return

for a second clinical visit to provide another cyto-ral of women with ASCUS for colposcopy is impracti-
cal. Better screening methods are needed to clarify logic sample for HPV testing. A more cost-effective

protocol would entail the collection at the initial visitthe ASCUS diagnostic category and to improve the
overall accuracy of cervical carcinoma screening. of specimens for both cytologic diagnosis and HPV

testing if indicated.8,11 The development of a single-Approaches that are under consideration include
improved methods of cytologic preparation and collection method suitable for both cytologic diag-

nosis and virologic testing would be the ideal ap-computer-assisted slide review; 4 visual techniques,
such as Cervicography (National Testing Labora- proach.

Recently, a new cytologic technique, in whichtories, Fenton, MO); 5 and testing for underlying on-
cogenic human papillomavirus (HPV) infection us- exfoliated cervical cells are collected in liquid buffer

(PreservCyt, Cytyc, Boxborough, MA) and trans-ing DNA diagnostic methods.6 – 9

Previous studies have demonstrated that the de- ported to the laboratory for preparation as thin-layer
slides (ThinPrep, Cytyc Corporation, Boxborough,tection of carcinoma-associated types of HPV corre-

lates with the presence of a cervical carcinoma precur- MA), has received Food and Drug Administration
approval for clinical use. ThinPrep cytology hassor (squamous intraepithelial lesion, or SIL) or inva-

sive carcinoma.10–14 Specifically, in previous studies of demonstrated equivalent or increased detection of
SIL and carcinoma in comparison with conventionalASCUS using the Hybrid Capture tube test (Digene

Corporation, Silver Spring, MD), an HPV test approved Papanicolaou smears.16 – 19 Because the production
of a ThinPrep uses only a fraction of the cells col-by the U.S. Food and Drug Administration, the detec-

tion of HPV DNA appeared to identify women with lected in PreservCyt buffer, the residual cells re-
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maining in the vial are available for ancillary studies, at 070 7C at a central facility in Costa Rica prior to
shipment to the U.S. on dry ice.including HPV DNA testing.

In this study, we evaluate the feasibility of a After collection of the cytologic specimens, the
cervix was rinsed twice with 5% acetic acid, and twoscreening strategy in which single specimens collected

in PreservCyt are used for both cytopathologic diagno- Cervigrams (photographic images of the cervix) were
obtained (National Testing Laboratories, Fenton, MO).sis and HPV testing.

Laboratory Testing MethodsMATERIALS AND METHODS
Conventional cervical smears were stained with a

Case Selection
modified Papanicolaou method in Costa Rica,

Cases were selected from a National Cancer Institute–
screened, and diagnosed by a single expert Costa Rican

sponsored screening study of 10,738 randomly se-
cytopathologist (M.A.) using the Bethesda System.1 Di-

lected women residing in Guanacaste Province, Costa
agnoses made with the Bethesda System included nor-

Rica, an area with a persistently high incidence of cer-
mal/benign cellular changes (negative), ASCUS, low

vical carcinoma. Participation rates exceeded 90%.20

grade SIL, high grade SIL, and carcinoma. The smears
Consenting, nonvirgin cohort members (n Å 9174)

were then transported to the U.S. and examined with
were screened between June 1993 and December 1994

the PAPNET system (Neuromedical Systems, Inc., Suf-
with multiple cytologic and visual methods (see be-

fern, NY), a neural network–based automated screen-
low).

ing system.21–23 Smears in which potential abnormali-
The 200 cases chosen for this study were selected

ties were detected by a trained cytotechnologist (D.K.)
while enrollment was proceeding, before final case

using PAPNET were rescreened with conventional mi-
definitions (see below) were available. To capture the

croscopy and then forwarded to a pathologist (M.E.S.)
full spectrum of pathology, a stratified random sample

for final diagnosis, again using the Bethesda System.
was taken of the available ThinPrep cytopathologic

Cervical cells suspended in PreservCyt were made
diagnoses in August 1994. We included virtually all

into cytologic slides containing a 20 mm-diameter cir-
ThinPrep diagnoses of invasive carcinoma (n Å 5),

cular deposit of cells (ThinPreps) using the ThinPrep
high grade SIL (n Å 31), low grade SIL (n Å 39), and

processor.16–19 ThinPreps are prepared by placing a
ASCUS (n Å 63) known by that time, and also chose

PreservCyt vial and a slide onto the processor, which
a random sample of ThinPrep-negative cases with pos-

mixes the specimen as cells are drawn onto a polycar-
itive (n Å 35) or negative (n Å 26) colposcopy and

bonate filter by suction. When sufficient cells have
biopsy. One woman with an unsatisfactory ThinPrep

been removed to prepare a thin-layer slide, the cells
was also included. The false-negative and unsatisfac-

are transferred from the filter to the slide and the slide
tory ThinPrep cases were oversampled to determine

is immersed in ethanol. The ThinPreps were stained
the results of ancillary HPV testing in cases where

by a modified Papanicolaou method, screened by cy-
ThinPrep cytology apparently had failed.

totechnologists, and diagnosed according to the
Bethesda System in the U.S. by one cytopathologist
(M.L.H.). The PreservCyt vials were stored at roomClinical Procedures

Subjects provided informed consent at enrollment, temperature throughout.
Cervigrams were graded by an expert evaluatorand pregnant women were deferred until 3 months

after delivery. A pelvic examination was performed by (M.G.) in the U.S. as unsatisfactory, normal, atypical,
or positive. Positive Cervigrams were classified as P0a small group of specially trained nurses who referred

subjects with gross lesions immediately to colposcopy. (probably normal but rule out significant lesion), P1
(low grade squamous intraepithelial lesion), P2 (highExfoliated cervical cells collected with a Cervex

brush (Unimar, Wilton, CT) were used to prepare a grade squamous intraepithelial lesion), and P3 (carci-
noma).conventional smear that was spray-fixed with Pap Per-

fect (Medscand, Hollywood, FL). Residual cells on the Subjects found to have cytologic abnormalities
(ASCUS, SIL, or carcinoma) by any of the three cyto-Cervex brush were rinsed in PreservCyt and shipped at

ambient temperature to the U.S. The cell suspensions logic techniques or a positive Cervigram were referred
to a gynecologist-colposcopist (J.M.) for examination,were used to prepare ThinPrep slides and then stored

at room temperature. with biopsy of visible lesions. A 5% sample of the re-
maining women was also referred for colposcopy asA second sample of exfoliated cervical cells was

obtained with a Dacron swab and placed in Specimen controls. The complete absence of significant findings
in the controls confirmed that the screening protocolTransport Medium (STM, Digene Corporation, Silver

Spring, MD) for conventional HPV testing. The STM detected virtually 100% of lesions detectable by col-
poscopy and biopsy.sample was frozen at 030 7C in the field, then stored
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Colposcopic Evaluation Human Papillomavirus Testing
The suitability of PreservCyt samples for HPV testingAt colposcopy, the appearance of the cervix was sys-

tematically described and recorded for quality assur- was evaluated by comparing the Hybrid Capture re-
sults obtained using these samples with those ob-ance purposes using digital imaging (Denvu, RMC,

Tucson, AZ). Biopsies were fixed in 10% buffered for- tained independently (and masked) using specimens
collected concurrently in 1 mL of STM, the Digenemalin, paraffin embedded, and prepared as conven-

tional histopathologic slides stained with hematoxylin buffer approved by the U.S. Food and Drug Adminis-
tration for HPV testing.and eosin. The biopsies were diagnosed by a Costa

Rican pathologist (F.M.) using the Bethesda System Following the preparation of a ThinPrep slide,
PreservCyt samples were prepared for HPV testing byand then reviewed in the U.S. (by M.E.S.). In cases of

disagreement, the U.S. diagnosis was used for study centrifuging a 6 mL aliquot at 10,000 g for 10 minutes
in a 15 mL conical tube. The resulting cell button waspurposes. However, final treatment decisions were

made by the Costa Rican gynecologist (J.M.) based on resuspended in 1 mL of supernatant and then spun
for 5 minutes in a microcentrifuge. The pellet wasall available data. Women with histologically con-

firmed high grade SIL or two cytologic reports of high drained, leaving about 10 mL of liquid, suspended in
180 mL of a 2:1 mixture of STM:Denaturation Reagent,grade SIL were treated, usually with large loop excision

of the transformation zone (LEEP) or cold knife cone. and incubated for 45 minutes in a 65 7C water bath.
STM specimens were prepared for Hybrid CaptureWomen with a single cytologic diagnosis of high grade

SIL that was not histologically confirmed underwent testing by adding one drop of proteinase solution
(‘‘blue juice’’) followed by incubation for 5 minutes incone biopsy or LEEP if the cytologic abnormality was

confirmed to be high grade SIL on review, a lesion was a 37 7C water bath. Then specimens were placed on a
shaker for 30 minutes at 1100 rpm. An aliquot of 650visible by colposcopy and there were no contraindica-

tions or refusal of treatment. If LEEP was not per- mL of each sample was removed and added to tubes
containing 325 mL of Denaturation Reagent, thenformed, the patients were referred through the Costa

Rican Social Security system for additional follow-up. placed on a shaker for 1 minute at 1100 rpm. Speci-
mens were then denatured for 45 minutes at 65 7C.Pathologic findings in LEEP and hysterectomy speci-

mens were reviewed in the U.S. (by M.E.S.) when these Separate 150 mL aliquots of the denatured PreservCyt
and STM samples were hybridized with cocktails of fullspecimens were available as part of assigning final case

diagnoses. length HPV RNA probes recognizing low risk (6, 11, 42,
43, 44) and carcinoma-associated (16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58) viral types using the Hybrid CaptureFinal Case Diagnoses

Final case diagnoses were assigned by a panel of the tube test.24 Hybrids composed of HPV DNA and type
specific RNA probes were captured on the surface of tubescollaborating clinicians and pathologists based on the

integrated interpretation of all available screening and coated with an antibody recognizing DNA-RNA hybrids.
Detection of hybrids was achieved with a second antibodydiagnostic tests. A variant of the Bethesda System was

used for categorization and statistical analysis. Diag- conjugated to alkaline phosphatase followed by addition
of an enzyme substrate. The light emitted in positivenoses were assigned without knowledge of HPV test

results. All cases with final diagnoses of invasive carci- assays was measured with a luminometer in relative light
units (RLUs) proportional to the amount of HPV DNA innoma (‘‘Final-carcinoma’’) and high grade SIL (‘‘Final-

HSIL’’) were histopathologically confirmed. Low grade the specimen. The RLUs of the specimens were divided
by the mean RLU of three positive controls. Specimens inSILs were initially divided into histologically con-

firmed diagnoses and those based on careful cytopa- which this ratio was ¢1.0 were considered HPV-positive;
samples with ratios õ1.0 were considered negative.thology review; but for the purposes of this study, the

results have been combined as ‘‘Final-LSIL.’’ Equivo-
cal final case diagnoses (‘‘Final-equivocal’’) reflected PCR-Based HPV Testing of Selected Cases

After the completion of the initial analysis, polymerasevarious combinations of equivocal screening test re-
sults, including a single cytologic diagnosis of low chain reaction (PCR)–based studies were performed

on 50 remasked specimens collected in STM to deter-grade SIL (conventional or ThinPrep), a positive Cervi-
gram without cytologic or histologic abnormality, and mine the possible reasons for the failure of Hybrid

Capture to detect HPV DNA in some women diag-cases with uncertain final status on review of all data.
Final case diagnoses of normal (‘‘Final-normal’’) in- nosed with Final-HSIL. The specimens tested by PCR

included 2 separate samples obtained from each ofcluded women with entirely normal screening tests
as well as women referred for colposcopy because of the 11 women with a diagnosis of Final-HSIL and a

negative Hybrid Capture HPV test (the Hybrid Cap-ASCUS cytology but considered normal on final re-
view. ture–negative specimen obtained at enrollment and
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TABLE 1
Comparison of ThinPrep Cytologic Diagnoses with Final Case Diagnosis

Final case diagnosis
ThinPrep
diagnosis Final-normal Final-equivocal Final-LSIL Final-HSIL Final-carcinoma Total

Unsatisfactory 1 (1.6%) 0 0 0 0 1 (0.5%)
Negative 33 (51.6%) 21 (41.2%) 3 (8.8%) 4 (9.1%) 0 61 (30.5%)
ASCUS 30 (46.9%) 19 (37.3%) 6 (17.6%) 6 (13.6%) 2 (28.6%) 63 (31.5%)
LSIL 0 8 (15.7%) 23 (67.6%) 8 (18.2%) 0 39 (19.5%)
HSIL 0 2 (3.9%) 2 (5.9%) 23 (52.3%) 4 (57.1%) 31 (15.5%)
Carcinoma 0 1 (2.0%) 0 3 (6.8%) 1 (14.3%) 5 (2.5%)
Total 64 (100%) 51 (100%) 34 (100%) 44 (100%) 7 (100%) 200 (100%)

ASCUS: atypical squamous cells of undetermined significance; SIL; squamous intraepithelial lesion; LSIL: low grade SIL; HSIL: high grade SIL.

TABLE 2A detail elsewhere.25–27 Because the STM specimens had
Detection of HPV DNA by Hybrid Capture Tube Test in PreservCyt been manipulated less than the PreservCyt vials, the
versus STM former were used for PCR analysis to minimize the

risk of a false-positive result due to specimen contami-No. of cases (%)a

nation.
STM neg. STM pos. Total

Data Analysis
PreservCyt neg. 103 (51.5) 7 (3.5) 110 (55.0) The diagnoses of ThinPreps were compared with the
PreservCyt pos. 24 (12.0) 66 (33.0) 90 (45.0) subsequent final case diagnoses. The results of Hybrid
Total 127 (63.5) 73 (36.5) 200 (100.0) Capture HPV testing of PreservCyt samples were com-

pared with the results obtained independently withHPV: human papillomavirus; STM: specimen transport medium; neg: negative; pos: positive.
the STM specimens and with the final case diagnoses.a Data are based on a total of 200 cases.

The hypothetical effectiveness of a cervical carcinoma
screening strategy was also assessed; in this strategy
cells collected in PreservCyt would be used for both

TABLE 2B ThinPrep cytopathologic diagnosis and HPV testing of
Detection of Carcinoma-Associated HPV DNA by Hybrid Capture ASCUS. For these analyses, the final case diagnosisTube Test in PreservCyt versus STM

(reflecting the three cytologic screening methods and
histopathology) was used as the gold standard. Finally,No. of cases (%)a

we compared the detection of HPV by PCR, in cases
STM neg. STM pos. Total of SIL in which the Hybrid Capture test was negative,

with control women who were cytologically normal
PreservCyt neg. 115 (57.5) 6 (3.0) 121 (60.5)

and had a negative Hybrid Capture test. ComparisonsPreservCyt pos. 16 (8.0) 63 (31.5) 79 (39.5)
were performed using standard contingency tableTotal 131 (65.5) 69 (34.5) 200 (100.0)
analyses.

HPV: human papillomavirus; STM: specimen transport medium; neg: negative; pos: positive.
a Data are based on a total of 200 cases. RESULTS

ThinPrep Diagnoses versus Final Case Diagnoses
Diagnoses of satisfactory ThinPreps and final case di-
agnoses agreed exactly in 99 (49.5%) of 199 cases (Ta-

an additional, untested one collected at colposcopy ble 1). A ThinPrep diagnosis of ASCUS or worse was
approximately 1–2 months later). For comparison, we made in 47 (92.2%) of 51 women with a final diagnosis
tested by PCR the enrollment specimens obtained of Final-HSIL or Final-carcinoma. A ThinPrep diagno-
from 13 women with Final-LSIL who had a negative sis of SIL or carcinoma was made in 39 (76.5%) of
Hybrid Capture HPV test as well as 15 enrollment spec- these 51 cases.
imens obtained from Hybrid Capture–negative, Final-
normal women. HPV DNA Detection by Hybrid Capture in PreservCyt

versus STMPCR testing was performed using a sensitive L1
consensus primer method capable of detecting over HPV DNA was detected in 90 (45.0%) of 200 PreservCyt

samples as compared with 73 (36.5%) of 200 corre-25 different HPV types. This method is described in
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TABLE 3
Detection of HPV DNA in PreservCyt Using Hybrid Capture, by Final Case Diagnosis

Final case diagnosis

Final-normal Final-equivocal Final-LSIL Final-HSIL Final-carcinoma Total
HPV DNA (n Å 64) (n Å 51) (n Å 34) (n Å 44) (n Å 7) (n Å 200)

Any type 12 (18.8%) 14 (27.4%) 24 (70.6%) 33 (75.0%) 7 (100%) 90 (45.0%)
Carcinoma-associated 8 (12.5%) 10 (19.6%) 21 (61.8%) 33 (75.0%) 7 (100%) 79 (39.5%)

HPV: human papillomavirus; LSIL: low grade squamous intraepithelial lesion; HSIL: high grade squamous intraepithelial lesion.

sponding STM specimens (Table 2). Overall, HPV DNA Summary of Screening with Both ThinPrep Cytology and
Hybrid Capturedetection was concordant in 169 samples (84.5%).

Similarly, carcinoma-associated HPV types were iden- Extrapolating the preceding results to the population-
based, 9174-woman cohort demonstrates the potentialtified in 79 (39.5%) PreservCyt specimens as compared

with 69 (34.5%) STM samples, with overall agreement utility of combining ThinPrep cytology with Hybrid
Capture testing of residual cells in the collection vial.for the detection of carcinoma-associated types in 178

subjects (89.0%). HPV positivity was higher with Pre- Specifically, if all women with a ThinPrep diagnosis of
SIL or carcinoma and those with a diagnosis of ASCUSservCyt than with STM for both overall HPV positivity

(P Å 0.004, McNemar’s test) and the carcinoma-asso- associated with the detection of carcinoma-associated
HPV DNA had been referred for colposcopy, about 7%ciated type group (P Å 0.06).

Carcinoma-associated HPV types accounted for of women in Guanacaste would have been referred.
Based on the diagnosis of the ThinPrep alone, 0.1% ofthe great majority of HPV DNA detected in both

PreservCyt and STM. Detection of low risk HPV types the population would have been referred for a diagno-
sis of carcinoma, 1.6% for high grade SIL, and 3.2%was not significantly associated with disease status

(data not shown) and will not be discussed further. for low grade SIL. Thus, ThinPrep cytology by itself
would have resulted in a referral rate of 4.9%. In addi-
tion, 7.1% of women had a ThinPrep diagnosis ofDetection of HPV DNA by Hybrid Capture in PreservCyt

versus Final Case Diagnosis ASCUS. Because a carcinoma-associated HPV type was
detected in about one-fourth of these women, an addi-As shown in Table 3, carcinoma-associated HPV types

were detected in PreservCyt in 100.0% of women with tional 1.8% of the population would have been referred
based on the combined result of ASCUS cytology andFinal-carcinoma, 75.0% with Final-HSIL, and 61.8%

with Final-LSIL, as compared with 19.6% of women a positive HPV test. In total, 6.7% of the population
would have been referred for colposcopy based onwith Final-equivocal diagnoses and 12.5% of Final-

normal women (P for trendõ0.0001). Results obtained either definitely abnormal cytology (SIL or carcinoma)
or equivocal cytology associated with carcinoma-asso-with STM samples showed similar strong trends but

somewhat reduced HPV positivity in all categories of ciated HPV. An estimated 100% of carcinomas and
80% of HSILS would have been detected.final diagnosis (data not shown).

In comparison, in the same population of 9174
women, conventional cytology detected about 92% ofHPV Testing of PreservCyt Samples with Hybrid Capture

to Clarify ThinPrep Diagnoses of ASCUS carcinomas and 76% of high grade lesions, referring
about 7% of the population for a Pap smear diagnosisCarcinoma-associated types of HPV DNA were de-

tected in 16 (25.4%) of 63 PreservCyt samples obtained of ASCUS, SIL, or carcinoma (primary data not shown).
from women with a ThinPrep diagnosis of ASCUS (Ta-
ble 4). Women with an underlying final diagnosis of PCR-Based Testing of Selected STM Specimens

HPV DNA was detected by PCR in 40.0% of the 10SIL or carcinoma were more likely to be HPV-positive
than those with Final-normal or Final-equivocal diag- evaluable enrollment specimens obtained from

women with Final-HSIL in whom the Hybrid Capturenoses (P for trend Å 0.05 for data presented in Table
4). Notably, in women with a ThinPrep diagnosis of test performed on the PreservCyt sample was negative.

(The addition of a second specimen from colposcopyASCUS, carcinoma-associated HPV types were identi-
fied in both women with an underlying carcinoma (Fi- raised the total positivity in 11 evaluable women to

63.6%.) In comparison, 7 (53.8%) of 12 samples withnal-carcinoma) but in only one of six women with
Final-HSIL. amplifiable DNA obtained from women with Final-
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TABLE 4
Detection by Hybrid Capture of Carcinoma-Associated HPV Types in PreservCyt, According to Final Case Diagnosis, among Women with a
ThinPrep Diagnosis of ASCUS

Final case diagnosis

Final-normal Final-equivocal Final-LSIL Final-HSIL Final-carcinoma Total
HPV DNA (n Å 30) (n Å 19) (n Å 6) (n Å 6) (n Å 2) (n Å 63)

Carcinoma-associated 5 (16.7%) 5 (26.3%) 3 (50.0%) 1 (16.7%) 2 (100%) 16 (25.4%)

HPV: human papillomavirus; ASCUS: atypical squamous cells of undetermined significance; LSIL: low grade squamous intraepithelial lesion; HSIL: high grade squamous intraepithelial lesion.

LSIL and 3 (20.0%) of 15 obtained from women with be compared not only with historical screening data,
but also with the possibility of optimized conventionala diagnosis of Final-normal tested positive only by

PCR. The types of HPV found by PCR in women with screening.
It is quite probable that the optimal cervical carci-Final-HSIL and a negative Hybrid Capture test in-

cluded types 16, 33, 51, and 58, as well as types not noma screening method will differ by regional capabil-
ities. For settings favoring a single, reliable clinical col-included in the Hybrid Capture test.
lection that minimizes equivocal diagnoses and the
need for repeated patient appointments, combinedDISCUSSION

This study demonstrates the potential utility of a new cytopathologic diagnosis and selected HPV testing
from PreservCyt specimens is an interesting option.cervical carcinoma screening approach in which spec-

imens collected in liquid buffer are used for both cyto- Most previous studies of Hybrid Capture have also
suggested that testing for carcinoma-associated typespathologic diagnosis of thin-layer preparations and

HPV testing if indicated. If colposcopy had been lim- of HPV might be useful in determining which women
with ASCUS require colposcopy. Cox et al. reportedited to the 7% of women in Guanacaste with ThinPreps

showing SIL/carcinoma, or ASCUS associated with the that repeat cytology and HPV testing, in combination,
provided sensitive colposcopy triage in college-agedetection of a carcinoma-associated HPV type in the

PreservCyt vial, the referrals would have included women with ASCUS while reducing referrals by half.11

Wright et al. achieved sensitive colposcopy triage using100% of women with Final-carcinoma, 80% with Final-
HSIL, and 82% with Final-LSIL. combined testing, but concluded that obtaining the

sample for HPV testing at the initial screening visitThese sensitivity figures compare quite favorably
with average performance data documented in con- rather than requiring a repeat visit to obtain another

sample was necessary for cost-effectiveness.14ventional cervical cytologic screening programs in the
United States and Europe.28–30 However, among the The single-collection method described in this

study offers several advantages over collecting a sepa-9174 women screened in our Guanacaste project, the
ThinPrep-HPV combination performed only margin- rate sample for HPV testing. First, only one sampling

procedure is needed. Second, the quality and cellu-ally better than the conventional Papanicolaou smear,
because the sensitivity and specificity of conventional larity of the specimen used for HPV testing are known

from its cytologic appearance and the volume of fluidcytology was unusually high. As a possible explanation
for the superior performance of the conventional required to prepare a ThinPrep. Third, this approach

links HPV testing to a specific cytologic diagnosis,smear in Guanacaste as compared with results re-
ported in the literature, our Guanacaste project relied thereby focusing HPV testing. Finally, our results

indicate that Hybrid Capture testing performed onon just a few highly-trained, expert clinicians and pa-
thologists. Several rounds of training and monitoring PreservCyt yields results at least as sensitive as testing

of STM samples. Similarly, previous studies have dem-were conducted. Thus, errors of cell collection, fixa-
tion, staining, screening, and interpretation were un- onstrated that ThinPreps and smears prepared from

split samples are diagnostically equivalent.16–19 Indoubtedly reduced as compared with those occurring
in routine practice. Perhaps some unknown character- summary, the single-collection method combines lo-

gistic efficiency with sensitive virologic and cytologicistic of the population also contributed to the unusual
success of the screening. Whatever the explanation, it techniques. Efforts are now underway to make the

combined procedure semiautomatic, which would re-appears that the value of the ThinPrep-HPV combina-
tion, or any technique introduced as a possible re- duce cost.

It is noteworthy that Hybrid Capture testing wasplacement or adjunct to the Papanicolaou smear, must
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positive in both women with ThinPrep diagnoses of be stored temporarily at room temperature pending
cytologic diagnosis. In the majority of cases, negative,ASCUS whose final diagnosis was carcinoma, but was

negative in five of six women with a ThinPrep diagno- SIL, and carcinoma diagnoses would be reported and
the vials would be discarded. Technically inadequatesis of ASCUS and Final-HSIL. The significance of this

finding is unclear, given that other investigations have thin-layer slides could be repeated. In cases with
ASCUS diagnoses, the vials would be tested for carci-demonstrated good sensitivity for detection of under-

lying high grade SIL in women with cytologic diagno- noma-associated HPV types. Women with ASCUS as-
sociated with carcinoma-associated HPV DNA wouldses of ASCUS.11 Inadequate sampling of the lesion or

failure of the diagnostic cells to exfoliate due to the be referred for colposcopy, whereas in the majority of
patients with ASCUS, colposcopy could be avoidedintrinsic properties of the tissue are possible explana-

tions for these five missed cases. It is noteworthy that with added confidence.
Although the prospect of greatly decreasing thefour of the five missed cases were diagnosed as high

grade SIL on the conventional smears, whereas the numbers of inadequate and equivocal cytologic diag-
noses is appealing, final assessment of the overall cost-residual cells placed into PreservCyt led to ASCUS di-

agnoses with ThinPrep and DNA negativity with Hy- effectiveness of HPV testing in combination with cytol-
ogy for cervical carcinoma screening awaits the resultsbrid Capture, suggesting that diagnostic cells in the

specimen collection may have been scant. Theoreti- of larger studies that are now underway.
cally, rinsing the sampler in the PreservCyt vial without
initially preparing a smear could improve the sensitiv- REFERENCES
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